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Abstract

In this paper, we generalize the collective model of household labor supply with domestic

production to allow for the possibility of non-participation in the labor market. Firstly,

we show that the main structural components of the decision process, in particular, the

price of leisure, can be retrieved. Secondly, we estimate a system of market and domestic

labor supply using the PSID and apply the theoretical results.
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1 Introduction

Over the recent years, the traditional �unitary�representation of household behaviour has been

challenged by models accounting for the presence of several decision-makers in the household,

with possibly speci�c preferences. In particular, the collective model of labour supply, developed

by Chiappori (1988, 1992), has turned out to be very popular. This model describes the

household as a collectivity made up of two persons, each of whom is characterised by individual

preferences and makes decisions about consumption and use of time. The household decision

process, whatever its true nature, is assumed to lead to Pareto e¢ cient outcomes. Then, it

can be shown that, if consumption is purely private and household members are egoistic, the

intra-household distribution of resources can be identi�ed from the sole observation of spouses�

labour supply functions. This property is important because it allows analysing welfare at the

individual level, instead of exclusively concentrating on the distribution of well-being across

households, as is generally the case with traditional models.1

These features of the collective model have turned out to be very attractive, and the number of

empirical studies based on Chiappori�s initial framework is considerable. These include, among

others, Bloemen (2010, Netherlands); Blundell et al. (2008, United Kingdom); Chau et al. (2007,

China); Chiappori, Fortin, and Lacroix (2002, United States); Clark, Couprie and Sofer (2004,

United-Kingdom); Crespo (2009, Spain); Donni (France, 2007); Donni and Moreau (2007,

France); Fernandez-Val (2003, Spain); Fortin and Lacroix (1997, Canada); Haddad (2015,

Iran); Lacroix and Radtchenko (2011, Russia); Moreau and Donni (2002, France); Sinha (2012,

India); and Vermeulen (2005, Belgium). In these empirical applications, all non-market time

is considered as leisure, implying that the time spent in home production activities is simply

ignored. Such simpli�cation may be misleading. In particular, Donni (2008) shows that it will

generally lead to biased welfare analysis. Nevertheless, the extension of the initial identi�cation

results to models with domestic production is provided by Apps and Rees (1997) and Chiappori

(1997). In the case of marketable domestic production, the intra-household distribution of

resources can be identi�ed from the observation of both domestic and market labour supply

functions.2 However, empirical applications of collective models accounting for home production

1See Chiappori and Donni (2011) for a survey of collective models.
2The marketability assumption, though restrictive, turns out to be necessary to allow retrieving structural

components of the decision process. It is justi�ed by Chiappori (1997). The �unitary�model of domestic pro-
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remain quite rare. Examples are given by Apps and Rees (1996, Australia); Aronsson, Daunfeldt

andWikstrom (2001, Sweden); Cherchye, De Rock and Vermeulen (2012, Netherlands); Couprie

(2007, United Kingdom); Donni and Matteazzi (2012, United-States); and Rapoport, Sofer and

Solaz (2009, France). More importantly, none of them takes into account the possibility of

corner solutions for labour market participation. Samples are simply restricted to two-working

couples (without always taking into account the problem of endogenous sample selection).

Identi�cation theory with corner solutions has still to be developed.3

The objective of the present paper is to �ll this gap. We provide a �rst collective model of

labour supply with domestic production that can be estimated on a sample including household

members who do not work in the market. We prove that the sharing of household resources

can be identi�ed over the whole domain of exogenous variables from the observation of spouses�

market and domestic labour supply functions. This theoretical extension is important because

it allows the econometrician to recover some important structural components, including the

price of leisure, for individuals who do not work in the market. In addition, it also allows using

larger samples in empirical estimations and thus obtaining more precise results. For the sake of

illustration, we �nally use the 2009 wave of PSID data and consider the case where women have

to decide whether to participate or not in the labour market. A system of domestic and market

labour supply equations is estimated by the simulated maximum likelihood method taking into

account unobservable heterogeneity. The estimations are discussed and compared in the light

of the existing empirical literature.

The paper is structured as follows. Section 2 presents the model and the main theoretical

results. Section 3 discusses the empirical speci�cation. Section 4 is dedicated to data and the

estimation method. Section 5 presents the empirical results. Section 6 concludes.

duction developed by Gronau (1977), and its numerous extensions (Gronau, 1980; Graham and Green, 1984;

Solberg and Wong, 1992), is based on this very assumption as well.
3See Donni (2003) and Blundell et alii (2008) for a study of corner solutions without domestic production.
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2 The Collective Model

2.1 Preferences, Technology, and the Decision Process

In what follows, we shall focus on a labour supply model, within a two-member household,

accounting for domestic production and labour market participation decisions. Let i = 1; 2

denote, respectively, the husband and the wife. The total labour supply of spouse i, de�ned as

the sum of market and domestic labour time, is denoted by Li and her private consumption by

ci. Following Chiappori (1988, 1992), we assume that individuals�preferences are of the egoistic

type, i.e., each spouse is characterised by a smooth, monotonic, and strictly quasi-concave utility

function of the form:4

ui = ui (Li; ci) ; (SU)

with i = 1; 2. This function also satis�es the following condition, limci!0 @ui=@ci =1, so that
household members always consume a positive quantity of goods. The total labour supply can

be broken down into market labour supply hi and domestic labour supply ti, i.e.,

Li = ti + hi:

The household technology is represented by a smooth, monotonic, and strictly concave function

of spouses�time input, i.e.,

z � f(t1; t2); (1)

where z denotes the quantity of the household produced good. The production function also

satis�es the following conditions, limti!0 @f=@ti =1 with i = 1; 2, which implies that spouses�

domestic labour supply is always positive. It is worth noting that the quantity produced by the

household may be smaller or greater than the quantity consumed. Indeed, following Gronau

(1977, 1980), we suppose that the domestic produced good can be exchanged on a competitive

market at a constant price. This is the marketability assumption mentioned in the introduction.

The price of market and domestic goods is set to one. The following non-negativity restrictions

must also be satis�ed:

h1 � 0; h2 � 0; (2)

4As usual, all the results are still valid if preferences are of the �caring�type; see Chiappori (1992).
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so that we allow non-participation in the labour market. The household budget constraint is

de�ned as:

c1 + c2 � w1h1 + w2h2 + y + z; (3)

where y denotes household non-labour income or, alternatively, total expenditure net of labour

income, and wi is spouse i�s market wage rate. Note that market wage rates are assumed to be

always observed by the economist, even when the wife or the husband does not work.

Following the basic idea of the collective approach, we assume that the decision process,

whatever its true nature, always generates Pareto-e¢ cient outcomes. This approach can be

justi�ed by referring to the theory of repeated games under perfect information. Since the

household is a typical example of such repeated games, it is plausible that mechanisms leading

to e¢ cient outcomes could be developed by its members. The household equilibrium is thus

located on the Pareto frontier; a change in the exogenous variables may, in general, lead to

a change in the form of this frontier as well as to a move of the equilibrium along it. If we

suppose for convenience that utility functions are not only quasi-concave but also concave, the

e¢ cient outcomes can be simply obtained as follows:

max
fc1;c2;h1;h2;t1;t2g

�(w1; w2; y)u1 (t1 + h1; c1) + (1� �(w1; w2; y))u2 (t2 + h2; c2) (PO)

subject to (1)�(3), where �(w1; w2; y) is a Pareto weight that represents the bargaining power of

the husband relatively to the wife. If �(w1; w2; y) increases, the balance of power shifts in favour

of the husband. Generally, the Pareto weight depends on wage rates and non-labour income;

it may also depend on preference factors and distribution factors (i.e., variables that in�uence

the decision process without a¤ecting the budget constraint or preferences; see Bourguignon,

Browning, and Chiappori (2009)). This will be the case in the empirical application.

2.2 The Structure of labour Supply Functions

For the simple model where corner solutions are ignored, the household decision process can be

represented as a two-stage budgeting one. First, spouses choose their respective contribution

to domestic chores in order to maximise household pro�ts. At this stage, they also agree on an

allocation of total non-labour income (i.e., the sum of non-labour income and pro�t), according

to a given sharing rule depending on the bargaining power of the household members. Second,
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spouses maximise, each one independently from the other, their own utility subject to the

production and the sharing decisions made at the �rst stage. This interpretation is well-known

since Apps and Rees (1997) and Chiappori (1997). However, the decentralization process is

a little more complicated if the spouses have the possibility of not participating in the labour

market. For working spouses, the price of time is simply equal the corresponding market

wage rate. For non-working spouses, the price of time �which corresponds to the number of

units of consumption that spouses are willing to give up to get one additional unit of time �

is endogenously determined by the marginal productivity in the household production. The

decision process can then be decentralised as described in the following proposition.

Proposition 1. Suppose that spouses� utility functions are of the SU form. Then, under

Pareto e¢ ciency, the optimal allocation fh�1; h�2; t�1; t�2; c�1; c�2g is the solution of a decentralised
decision process. More precisely, there exist a pair of prices for spouses�time fw�1; w�2g and a
pair of shares for total non-labour income f'1(w�1; w�2); '2(w�1; w�2)g such that:

A. At the �rst stage, the domestic labour supply functions ft�1; t�2g are solutions of

max
ft1;t2g

ff(t1; t2)� t1w
�
1 � t2w

�
2g = �(w�1; w

�
2);

B. At the second stage, the market labour supply and consumption demand functions fh�i ; c�i g
with i = 1; 2 are solutions of

max
fci;hig

ui(ci; hi + t�i )

subject to ci � w�i (hi + t�i ) + 'i(w
�
1; w

�
2); and hi � 0; where '1(w

�
1; w

�
2) + '2(w

�
1; w

�
2) =

y + �(w�1; w
�
2):

C. In the participation case, i.e., h�i > 0, the price of time of spouse i, with i = 1; 2, is equal

to her market wage, i.e., w�i = wi.

If Conditions A�C are ful�lled for some fw�1; w�2g and f'1(w�1; w�2); '2(w�1; w�2)g, then the optimal
allocation is Pareto-e¢ cient.
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Proof. From the First and the Second Theorems of Welfare Economics, any e¢ cient allocation

can be obtained as a decentralised competitive equilibrium, and conversely. �

The decentralization process is similar to that in Chiappori (1997) or Donni and Matteazzi

(2012) except that the wage rates are replaced by the prices of time. The speci�c structure of

market and domestic labour supply functions can be derived from the optimization problems of

the �rst and second stage. Condition A states that the household maximises pro�ts taking into

account the possible endogeneity of the price of spouses�time. Solving the optimization problem

gives domestic labour supply functions: t�i = gi(w
�
1; w

�
2), for some function gi(�) which has the

traditional properties of input demand functions. One of these properties is that, if the price of

spouses�time is constant, the level of non-labour income should not a¤ect the number of hours

devoted to domestic chores. Condition B can be interpreted as follows. The spouses agree on a

particular distribution of resources (non-labour income and household pro�ts) between them,

and receive a share of it. Then, the spouses choose the consumption and market labour supply

that maximise their utility, under the constraints that their domestic labour supply is (optim-

ally) �xed and they cannot spend more than the amount provided by their respective shares.

Solving the individual utility maximization problem above gives the traditional Marshallian

total labour supply functions: L�i = Fi(w
�
i ; 'i), for some function Fi(�). The price of spouses�

time is equal to the wage rate if they work in the market. This is established by Condition

C. If the husband (wife) does not work in the market, then the price of his (her) time is equal

to the marginal rate of substitution between his (her) time devoted to labour and his (her)

consumption or, alternatively, to the marginal productivity of his (her) time devoted to the

domestic production. As suggested by Neary and Roberts (1980), the price of time can be

computed by inverting the total labour supply function with the hours of market labour supply

set to zero. Let us suppose, for instance, that the wife does not work in the market. Hence,

the price of wife�s time, w�2, solves the following equation:

g2(w1; w
�
2) = F2(w

�
2; '2(w1; w

�
2)): (4)

To summarise, the structure of market and domestic labour supply functions derived from
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Proposition 1 is described by the following system of equations:

h�1 = F1(w
�
1; '1(w

�
1; w

�
2))� g1(w

�
1; w

�
2); (5)

t�1 = g1(w
�
1; w

�
2); (6)

h�2 = F2(w
�
2; '2(w

�
1; w

�
2))� g2(w

�
1; w

�
2); (7)

t�2 = g2(w
�
1; w

�
2); (8)

where '1(w
�
1; w

�
2) + '2(w

�
1; w

�
2) = y + �(w�1; w

�
2), with the constraints:

[F1(w
�
1; '1(w

�
1; w

�
2))� g1(w

�
1; w

�
2)] � (w�1 � w1) = 0; (9)

[F2(w
�
2; '2(w

�
1; w

�
2))� g2(w

�
1; w

�
2)] � (w�2 � w2) = 0: (10)

that de�ne the price of leisure. The conditions in (9) and (10) imply that if w�i > wi then

individuals do not participate. Otherwise, if w�i = wi then individuals may supply some positive

hours in the labour market. This results is provided in the last statement of Proposition 1.

To go further we �rst have to note that the market wage rates may in�uence the intra-household

distribution of resources even in the case of non-participation of one or both spouses.5 Hence,

the sharing functions can be written as 'i(w
�
1; w

�
2; w1; w2; y) or, more compactly, with a slight

abuse of notation, as 'i(w1; w2; y) as the prices of time are themselves functions of the current

wage rates and non-labour income. The idea is that when spouses do not work they may exert

their bargaining power within the family on the grounds of their potential wage, i.e., the current

wage they may earn entering the labour force, as justi�ed by more formal models of household

bargaining in which divorce is used as threat point (Manser and Brown, 1980; McElroy and

Horney, 1981). Other variables (e.g., distribution factors) may also enter the sharing functions

but they will be discussed in the empirical section.

Finally, let us note that the structure (5)-(10) is restrictive �and could be empirically tested �

in the sense that any system of labour supply functions will generally not be characterised by

such a speci�c structure.

5In that case, market wage rates can be assimilated to distribution factors because they do not in�uence the

budget constraint (nor preferences).
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2.3 Identi�cation

The present model is made of four "observable" "reduced-form" equations, that is, (t�1; t
�
2; h

�
1; h

�
2)

as functions of (w1; w2; y). If both spouses participate in the labour market, the time they devote

to household chores is completely determined by the production technology, i.e., the form of

the "reduced-form" domestic labour supply functions is independent of the characteristics of

the utility functions and the intra-household distribution of resources.6 Then identi�cation of

the sharing functions can be obtained from the observation of both market and domestic labour

supply functions using a result of Chiappori (1997) and, more precisely, Donni and Matteazzi

(2012) for the case without distribution factors. However, this result cannot be applied here

because household members do not necessarily participate in the labour market.

A generalization of this identi�cation result is thus proposed below. Let us start by demon-

strating that, in general, the price of leisure can be recovered from observed behaviour. To do

this, we need the following assumption.

Assumption I.1. Wage rates and non-labour income (w1; w2; y) continuously vary in R2+�R.
For any (w1; w2) 2 R2+, there exists some y such that h�1 > 0 and h�2 > 0.

In other words, whatever the level of wage rates, it is always possible to �nd a level of household

non-labour income such that both the wife and the husband work. This assumption allows us

to prove the next important result.

Proposition 2. Under Pareto e¢ ciency and I.1, the price of spouses�time can be identi�ed

as functions of (w1; w2; y) from the observation of two market and domestic labour supply

functions. The pro�t function can be identi�ed up to a constant as well.

The proof is given in the Appendix. Intuitively, for any value of the wage rates, one can

�nd households where both spouses work in the market. Hence the spouses�domestic labour

supply functions can be recovered over their domain as a function of wage rates only. Then

these functions indirectly de�ne the price of spouses� time because the latter coincide with

individual�s productivity. It is worth noting that the result is not speci�c to collective models:

under I.1, the price of spouses�time can be identi�ed in unitary models as well. To the best of

our knowledge, and as simple as it may be, the result had not been proved until now.

6This is the traditional separability principle used in models of agricultural households.
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To complete the identi�cation of individuals�preferences and the household decision process,

more structure on the decision process is useful, if not necessary. In the unitary model of

labour supply, the labour market participation decision can be modelled by a reservation wage

equation, where the reservation wage rate is justly de�ned as the price of time when the worker

is indi¤erent between being in the labour force or not. Yet Blundell et al. (2007) and Donni

(2003, 2007) point out that, in a collective model of labour supply, the participation frontier is

not necessarily well-behaved. In particular, the uniqueness of the reservation wage rate does not

result from the theoretical framework that we have adopted, but must be explicitly postulated.

This is made with the following assumption.

Assumption I.2. There exists a pair of functions wR1 (w2; y) and w
R
2 (w1; y) such that h

�
1 > 0

if w1 > wR1 (w2; y) and h
�
2 > 0 if w2 > wR2 (w1; y):

The reservation wage functions wR1 (w2; y) and w
R
2 (w1; y) partition R2+ �R into four connected

subsets. This assumption could be relaxed at the cost of some complications but it is rather

natural and should not be the subject of controversy. It is discussed in detail by Donni (2003).

We also use the following additional assumptions.

Assumption I.3. For any w1 2 R+, there exists some y such that w2 = wR2 (w1; y). For any

w2 2 R+, there exists some y such that w1 = wR1 (w2; y).

This assumption is su¢ cient to obtain global identi�cation, and not only local identi�cation in

the neighbourhood of the participation frontiers.7

Identi�cation cannot be achieved over all the values of (w1; w2; y). We thus de�ne P � R3+ as
the subset of (w1; w2; y) such that at least one spouse participates in the labour market. The

following proposition can now be put forward.

Proposition 3. Suppose that spouses�utility functions are of the SU form. Under Pareto

e¢ ciency and I.1�I.3, and some technical conditions listed in the proof, the shares of non-labour

income as functions of (w1; w2; y) can be recovered on P up to a pair of additive constants from
the observation of the two market and domestic labour supply functions. More precisely, if'�1
and '�2 is a particular pair of sharing functions which is consistent with the household behaviour,

7This assumption is a little stronger than the preceding one, but it could relaxed to obtain identi�cation on

a more restricted subset of R2+ � R.
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then any other pair de�ned as '1 = '�1 + k1 and '2 = '�2 + k2 for some constants k1 and k2,

is also consistent with the same household behaviour.

The proof is given in the Appendix. Interestingly, two constants are unidenti�ed instead of

one as in the other collective models. The reason is that total non-labour income, i.e., the

sum of non-labour income and pro�t, is not directly observable by the economist, but must

be recovered from the data. Once the constants are chosen, individual utility functions can be

identi�ed as well (up to an increasing transformation).

In a model without domestic production, Donni (2003) demonstrates that the sharing func-

tions can be identi�ed (up to a unique additive constant) when one spouse at most does not

participate in the labour market. The present result is thus a generalization of this result.8

2.4 Robustness

The canonical model described in the previous subsections could be amended in various direc-

tions. The critical issue is the exogeneity or constancy of the domestic good price.

For the price of the domestic good to be exogenous, one of the key assumptions is that home

time produces a good that has a perfect (or close at least) substitute sold on the market at

a constant price. This (strong) assumption is discussed in details by Chiappori (1997), so

we will just underline an important implication of relaxing it. If the domestic good cannot

be sold or purchased on the market, then its price will be endogenously determined within

the household. Consequently, the separation principle according to which domestic labour

supplies are determined by the sole technology of production is no longer valid even if both

partners are working in the market. In particular, a change in the intra-household distribution

of bargaining power will a¤ect market and domestic labour supply through a change in the

price of the domestic good, and not only through a change in the sharing rule, which should

incite us to be careful when interpreting the empirical results. Nonetheless, the present model

can still be seen as a good approximation if produced goods and purchased goods are strongly,

8It is worth saying that the identi�cation result by Donni (2003) is local in the sense that it is valid only

in the neighborhood of the participation frontier while the identi�cation result of Proposition 3 is global. This

technical distinction is explained in the proof.

11



if not perfectly substitutable. We will come back on this interpretation in the empirical part of

this paper.9

Another necessary assumption for the exogeneity of the domestic good is that household con-

sumption is purely private. If consumption had some public components, the price of the con-

sumption good would be endogenously determined (as in the non-market case) and speci�c to

each individual living in the household.10 Our claim here is that the collective model of labour

supply with private consumption may still be a good approximation to this alternative, more

general model if the sensitivity of individual prices to changes in wage rates and non labour

income remains limited. This seems to be an acceptable assumption.

3 The Empirical Speci�cation

In this section, we present the functional form for market and domestic labour supply functions

and discuss the stochastic speci�cation. Since the participation rate of men in the data is close

to one, we consider as a simpli�cation of the theoretical model that the husbands�labour supply

is always positive. The wife�s labour supply may vary between zero and any positive number.

3.1 labour Supplies, Sharing Rule, and Preferences

Let us �rst consider the functional forms for domestic labour supply functions, then for market

labour supply functions, and lastly for sharing functions.

We suppose that the household pro�t function can be approximated by a Generalised Leontief

speci�cation (Diewert, 1973), i.e.,

�(w�1; w
�
2) = �(x)� 2a1 (w�1)

1=2 � 2a2 (w�2)
1=2 � b1(x)w

�
1 � b2(x)w

�
2 � 2c (w�1)

1=2 (w�2)
1=2 ;

where �(x), b1(x) and b2(x) are functions of socio-demographic factors x including stochastic

terms that represent unobservable heterogeneity in technology (but �(x) is not identi�ed),

9The collective model of household behavior with domestic production relaxing the marketability assumption

is studied by Apps and Rees (1997) and Chiappori (1997). It raises some identi�cation issues.

10The sum of individual prices will be equal to one if the domestic good is purely private or larger than one

if it is not a purely public good.
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a1, a2 and c are parameters, and w�1 = w1 since the husband always works in the market.11

This function is globally regular (i.e., decreasing and convex in its arguments) if a1, a2, b1(x),

b2(x) and c are positive. To guarantee positivity, b1(x) and b2(x) are supposed to be quadratic

functions of x. Then, applying the Hotelling�s Lemma, the spouses�domestic labour supply

functions are derived, i.e.,

t1 = a1 (w
�
1)
�1=2 + b1(x) + c (w�1)

�1=2 (w�2)
1=2 ; (11)

t2 = a2 (w
�
2)
�1=2 + b2(x) + c (w�1)

1=2 (w�2)
�1=2 : (12)

For the sake of homogeneity, we also suppose that spouses�market labour supply can be ap-

proximated by the following linear form, i.e.,

h1 = �1(x) + �1 (w
�
1)
1=2 + 1'1 � a1 (w

�
1)
�1=2 � b1(x)� c (w�1)

�1=2 (w�2)
1=2 ; (13)

h2 = �2(x) + �2 (w
�
2)
1=2 + 2'2 � a2 (w

�
2)
�1=2 � b2(x)� c (w�1)

1=2 (w�2)
�1=2 ; (14)

where �1(x) and �2(x) are functions of socio-demographic factors x including stochastic terms,

�1, �2, 1 and 2 are parameters. The Slutsky conditions are globally satis�ed if �1, �2 are

positive and 1; 2 are negative.

The next step consists in specifying the functional form for the sharing functions. The husband�s

share is expressed as a deviation with respect to equal sharing. It has the following form:

'1 =
y + �(w�1; w

�
2)

2
+ �

where

� = �0(x) + �1w
1=2
1 + �2w

1=2
2 + �3y + �4s;

where �0(x) is an unidenti�ed function of the socio-demographic factors, �1; : : :, �4 are para-

meters, and s is a distribution factor. Note that, from the previous theoretical considerations,

the e¤ect of the pro�t on individual shares cannot be isolated or identi�ed. The wife�s share

has then the following form:

'2 =
y + �(w�1; w

�
2)

2
� �;

11The variables x entering in b1(x), b2(x), �(x) or �1(x), �0(x) and �2(x) (see below) are not necessarily

the same.
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If the wife does not participate in the labour market, the price of her leisure enters the pro�t

function. It is equal to her marginal productivity in domestic activities or, alternatively, to her

marginal rate of substitution between leisure and consumption.

3.2 Coherency Conditions and the Price of Wife�s Time

In a unitary model, it is well known that the coherency conditions �which guarantee that the

endogenous variables are determined unambiguously by the structural equations �are closely

related to the Slutsky conditions (Ransom, 1987; van Soest and Kooreman, 1990).12 The same

conclusion can be derived here. In the estimated model, the Slutsky conditions (as well as the

regularity conditions of the pro�t function) are thus imposed and not empirically tested. Under

these coherency conditions, the equation that de�nes the price of wife�s leisure, i.e.,

�2(x)+�2 (w
�
2)
1=2+2

�
y + �(w�1; w

�
2)

2
� �

�
= a2 (w

�
2)
�1=2+ b2(x)+ c (w

�
1)
1=2 (w�2)

�1=2 ;

has one and only one solution. This equation can be solved by numerical algorithms such as

Newton-Raphson. The husband is assumed to be always working so that the price of his time

is observed and given by his market wage rate.

4 Data and Estimation Method

4.1 Data

The empirical analysis is based on the 2009 wave of the Panel Study of Income Dynamics

(PSID). The PSID makes available a large set of information on housing, employment, income,

wealth, savings, housework, household expenditures, besides detailed information on individual

and family characteristics.13 The original sample counts 8,690 families. We select a subsample

12Bloemen (2006) derives coherency conditions in collective models of labor supply without domestic produc-

tion and suggests that the wage parameters of the sharing functions must satisfy non-negativity conditions. It

can be shown that these conditions are automatically satis�ed here because the sharing functions are expressed

as a deviation with respect to equal sharing.

13Housework reported in the PSID is less detailed than in time use diaries like the American Time Use

Survey (ATUS). It also tends to have an upward bias (Juster, Ono and Sta¤ord, 2003) but it certainly has a

smaller variance. More importantly, the PSID reports housework for both spouses and includes comprehensive
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of heterosexual couples, either legally married or cohabiting, aged between 25 and 60. Given

that the male participation rate is close to one, we include only working men but we include

both working and non-working women. After the exclusion of observations with relevant missing

information, the sample sise reduces to 2,528 households. Following the suggestion of Fortin

and Lacroix (1997), we also consider the sub-sample of households with childless couples.14 It

includes 942 households.

As underlined by Blundell and McCurdy (1999), market working hours must be expressed as

a function of net total expenditure, and not non-labour income, for the empirical results to

be more easily interpretable.15 The household net total expenditure is de�ned as household

total expenditure minus household labour earnings. Although the PSID does not provide

information about household total expenditure, it gathers information on some broad categories

of household expenses, such as food, health, transport, and utilities, that are crucial to assign a

measure of total consumption to families in the PSID. As suggested by Skinner (1987) and Guo

(2010), linear predictions of total household expenditure can be imputed in the PSID using the

estimated parameters of a regression of total expenditure on a series of consumption items and

other variables available in both the PSID and the Consumer Expenditure Survey (CEX). From

the CEX of 2008, we thus select a sample of 503 heterosexual couples, either legally married

or cohabiting, with age between 25 and 60 and a working husband. We compute a measure of

total household expenditure on non-durable goods16 and then regress it on a set of variables

that are available both in the CEX and the PSID to obtain the coe¢ cients for the imputation

procedure.17

information about individual earnings and working conditions, information that is necessary for our purpose.
14The theoretical model presented in the previous subsections supposes a household with only two members

and thus excludes children. Children may generally be seen as a public good.
15In the present context with household production, however, the advantages of the construction suggested

by Blundell and McCurdy (1999) are not so evident as net-expenditure does not coincide with net-consumption.
16The durable goods are implicitly supposed separable from the non-durable goods. In the de�nition of

household total expenditure we include family expenses for food, alcoholic beverages, tobacco, utilities, domestic

services, clothing and footwear, transportation, health, education and entertainment.
17For this regression, the coe¢ cient of determination amounts to about 0:80. The variables include a second

order polynomial in age, the number of years spent in education, the ethnic origin (a dummy variable for

Hispanic or not) and race (non-white or not) of both spouses, the number of children aged between 0 and 6 and

between 7 and 18 years of age, the region of residence (Midwest, South, West or other), the 2008 unemployment
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Variables Full sample
Childless

sample

Men's annual market working hours 2 155 2 137

Women's annual market working hours 1 434 1 631

Men's annual domestic working hours 385 354

Women's annual domestic working hours 868 706

Men's annual total working hours 2 540 2 491

Women's annual total working hours 2,297 2,337

Men's participation rate 1.00 1.00

Women's participation rate 0.84 0.89

Men's market hourly wage 28.31 28.29

Women's market hourly wage (working women) 21.23 21.47

Annual household net expenditure 55 749 62 419

Men's age in years 41.90 46.11

Women's age in years 40.18 44.64

Men's education in years 13.80 13.92

Women's education in years 14.17 14.18

Number of children (06) 0.40 0.00

Number of children (718) 0.84 0.00

Region: Midwest 0.26 0.25

Region: South 0.39 0.39

Region: West 0.20 0.19

Sex ratio 0.49 0.49

Number of observations 2,528 942

Table 1  Mean Values of the Main Variables

The main variables used in the empirical application are described in Table 1. As previously

explained, the full sample includes households with children �the average number of children

under 18 is about 1:2 per household �while the restricted sample includes only households

without children. The female participation rate is equal to 84% in the full sample and to 89%

rate by state, the amount of household non-labor income (including income from rent, dividends, interests, and

inheritances in 2008), the dwelling type (a one-family house or not), the actual number of rooms in the referred

dwelling, the existence of a mortgage on the referred dwelling (yes or not), the husband�s hourly wage, the wife�s

hourly wage (replaced by 0 if she is not participating), and annual expenses for food, transport, utilities and

health. With the exception of the number of children, the region of residence and individual characteristics, all

the other variables are excluded from labor supply equations and are only used for identi�cation purpose.
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in the restricted sample. These di¤erences between both samples are also re�ected in annual

hours worked. On average, women�s working time in the labour market amounts to about 1; 400

hours per year, including overtime, in the full sample, and about 1; 600 hours in the restricted

sample. Women�s working time at home in activities like cooking, cleaning and doing other

works around the house amounts to about 870 hours per year in the full sample, and 700 hours

in the restricted sample. Di¤erently, men�s working times in the labour market and at home

are of the same order of magnitude in both samples and amount to about 2; 500 hours and 350

hours, respectively. Fitted annual household net total expenditure amounts to about �$56; 000
per year for the full sample and �$62; 000 for the restricted sample. These �gures are negative
as family labour earnings are larger than what is spent on the sole durable goods. On average,

for both samples, men�s hourly wage is about $28, against $21 for women. Finally, regarding the

socio-demographics, the mean values for the two samples are of the same order of magnitude,

with the exception that, on average, spouses are slightly older in the restricted sample.

4.2 Estimation Method

In what follows, we consider the estimation of the complete system, (11)�(14), of structural

market and domestic labour supply equations. Before discussing the estimation methodology,

the issue of endogenous covariates must be accounted for.

4.2.1 Endogeneity and Selection

For working individuals, hourly wages are computed as a ratio between labour earnings and

hours of work, which may create a division bias (Borjas, 1980). For non-working women, hourly

wages are thus missing and have to be imputed from a wage equation. To reduce the division

bias, however, we predict hourly wages for all individuals, and not only for non-working women.

To do so, we use the full sample and apply the Heckman�s (1979) two-step procedure. In the �rst

step, we estimate a Probit model for wives�labour force participation. The regressors include

the number of years of education, a second order polynomial of age, ethnicity (a dummy variable

for Hispanic or not), race (non-white or not), health (bad health or not), religion (protestant,

Jew, catholic or other) and labour market experience (de�ned as the number of years worked
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for money since the age of 18) for both the husband and the wife. We also control for the

region of residence (Midwest, South, West or other), the number of children between 0 and 6

and between 7 and 18 years of age, the educational level of both the wife�s mother and father

(the parent has a post-secondary degree or not), the employment status of the wife�s mother

(employed or not), household non-labour income and the 2008 unemployment rate by state. In

the second step, we estimate a selectivity-corrected log hourly wage equation for women. In

addition to the inverse of the Mill�s ratio computed from the �rst stage estimates, we include

her personal characteristics, the same as those included also in the participation equation, her

seniority with the current employer (de�ned as the number of years of experience with the

present employer), the region of residence of the household and the number of children aged

between 0 and 6 and between 7 and 18. As for men, we estimate a log hourly wage equation

including the same variables as in female log hourly wage equation (except for the selection-

correction term) but referring to him. From these estimations, we compute the �tted log hourly

wages for men and women, denoted by log bw1 and log bw2, the standard error of the regression
terms and their correlation coe¢ cient.

The household net total expenditure is computed as the di¤erence between �tted household

total expenditure on non-durables and services and household labour earnings. This variable

is likely to be endogenous in the labour supply model because of unobservables in the labour

supply equations that enter household net total expenditure. We address the endogeneity

problem by adopting a two-stage approach and replace household net total expenditure by its

�tted value. The household net total expenditure equation includes the �tted hourly wages

and all the individual characteristics of the husband and the wife (excluding labour market

experience and seniority), the region of residence of the household, the number of children

between 0 and 6 and between 7 and 18 years of age, the household non-labour income, the

dwelling type, the actual number of rooms and the existence of a mortgage on the referred

dwelling, and the annual household expenditures on food, health, transportation and utilities

items.

4.2.2 Simulated Log Likelihood

We suppose that �desired�hours of domestic and market labour supply are not directly observed

because of an additive perturbation due to measurement or optimization errors. Thus, we write
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the system of equations (11)�(14) as:

t�1 = t1( ;w; �) + �1;

t�2 = t2( ;w; �) + �2;

h�1 = h1( ;w; �) + �3;

h�2 = h2( ;w; �) + �4;

where w = (w1; w2) is the vector of market hourly wages,  = (x; y) is a vector of other

observable variables, � is a vector of error terms representing unobservable heterogeneity in

preferences and technology and � = (�1, �2, �3, �4) the vector of error terms representing

measurement or optimization error, supposed to be distributed independently from each other,

with a normal probability density function ��. The unobservable heterogeneity terms � may be

correlated, with a normal joint probability density function �� . Other variables include years

of education, a second order polynomial of age of the corresponding person, the number of

children between 0 and 6 and between 7 and 18 years of age, ethnicity and race, the region of

residence and household net total expenditure.

To compute the log-likelihood, we consider two regimes according to the wife�s participation in

paid employment.

Regime 1. In this regime, the wife does work in the market and her market labour supply

is unconstrained. For the moment, we suppose that heterogeneity error terms are observed.

Then, the conditional likelihood function is simply given by:

L1( ;w; �) = �� (t1 � t�1( ;w; �); t2 � t�2( ;w; �); h1 � h�1( ;w; �); h2 � h�2( ;w; �))

where �� corresponds to the product of marginal density functions of the normal distribution.

As explained above, wives�and husbands�hourly wages are replaced by �tted values to take

account of the division bias. Thus, w = ( bw1�1, bw2�2) where � = (�1, �2) are multiplicative

error terms, with a log-normal joint probability density distribution �� , the standard error and

the correlation coe¢ cient of which are computed from the estimation of the log hourly wage

equations. The wage error terms and the unobserved heterogeneity terms have to be integrated

out. Thus, the simulated log-likelihood function for this regime can be obtained by drawing R
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error terms �r and �r in the aforementioned distributions �� and �� and then computing:

logL1 = log
 

RX
r=1

L1( ; bw�r; �r)
!
:

Regime 2. In this regime, the wife does not work in the market. Hence her hourly wage is

replaced in the pro�t function and the labour supply functions by a measure of the price of

her time, computed with numerical methods. The functional form of labour supply functions

switches, as explained above. The conditional likelihood function is then given by:

L2( ;w; �)=

Z �h�2( ;w;�)

�1
��(t1�t�1( ;w; �); t2�t�2( ;w; �); h1�h�1( ;w; �); h2�h�2( ;w; �)) �d�4:

The computation of this integral is straightforward because measurement and optimization

errors are assumed independent from each other. As previously, the simulated log-likelihood

function for this regime can be obtained by drawingR error terms �r and �r and then computing:

logL2 = log
 

RX
r=1

L2( ; bw�r; �r)
!
:

The maximization of the simulated log likelihood function, i.e., the sum of logL1 and logL2,
yields the estimation of the parameters of interest.

5 Estimation Results and Discussion

Before discussing the estimation results of the complete system, (11)-(14), of structural market

and domestic labour supply equations, we present estimates of household expenditure and

spouses�log hourly wage equations.

5.1 Auxiliary Estimations

As previously explained, market hourly wages are predicted for all individuals. The estimates

of male and female log hourly wage equations are shown in Table 2. We note that hourly wages

increase sharply with worker�s age (but at a decreasing pace) as well as with education and

seniority. Experience has no signi�cant e¤ect, though. On average, blacks and Hispanics get

lower wages (similar results are found by O�Neill, 1990; Trejo, 1997; Antecol and Bedar, 2002)
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Variables
Husbands' Log
Hourly Wage

Wives' Log Hourly
Wage

Intercept 0.296 0.035
(0.216) (0.295)

Age 0.068 0.057
(0.010) (0.012)

Squared Age 0.001 0.001
(0.000) (0.000)

Years of Education 0.092 0.112
(0.004) (0.008)

Years of Seniority 0.011 0.020
(0.001) (0.002)

Years of Experience 0.000 0.000
(0.000) (0.001)

Black 0.134 0.027
(0.024) (0.028)

Hispanic 0.061 0.157
(0.038) (0.045)

Protestant 0.001 0.008
(0.026) (0.033)

Catholic 0.068 0.083
(0.032) (0.042)

Jew 0.334 0.332
(0.082) (0.094)

Bad Health 0.367 0.110
(0.123) (0.123)

Number of Children (06) 0.032 0.063
(0.016) (0.034)

Number of Children (718) 0.015 0.070
(0.010) (0.017)

Region: Midwest 0.085 0.029
(0.032) (0.039)

Region: South 0.076 0.115
(0.031) (0.036)

Region: West 0.044 0.041
(0.035) (0.040)

Inverse of Mill's Ratio _ 0.562
_ (0.199)

Notes: standard errors are in parentheses.

Table 2  Estimated Parameters of Log Hourly Wage Equations
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while Jews and Catholics obtain higher wages. In line with other studies (e.g., Hersch and

Stratton, 2000; Lundberg and Rose, 2000, 2002), the presence of children is associated with a

wage premium for fathers but not for mothers. Having health problems negatively a¤ects hourly

wages. Finally, the coe¢ cient associated with the inverse of the Mill�s ratio is, as expected,

positive and signi�cant, suggesting that working women are positively selected in the labour

market.

Lastly, as explained above, we also predict the household net total expenditure. The results

are not presented here but are available upon request.

5.2 Structural market and domestic labour supply equations

The estimation results for structural domestic and total labour supply equations are reported

in Tables 3 and 4, respectively. We consider two speci�cations. The �rst one corresponds to

the previous functional form estimated on the sample of all the households and the second one

to the same functional form estimated on the sample of childless households.

5.2.1 Domestic labour Supply Equations

For each speci�cation, the domestic labour supply equations have thirteen parameters and most

of them are signi�cantly di¤erent from zero at usual levels of signi�cance. We �rst focus on

the full sample case. The coe¢ cients ai associated with the inverse of the square root of hourly

wages in the equations are positive and, at least in the wives�equation, statistically signi�cant.

It suggests that both husbands and wives reduce their contribution to domestic chores when

their wage increases. On the other hand, the coe¢ cient c is positive, implying that spouses�time

inputs are substitute in the household production process. The hypothesis of a (very moderate)

substitutability between time inputs is supported by several empirical studies based on PSID

data (Gronau, 1977, 1980; Graham and Green, 1984). Overall, these conclusions are con�rmed

by the estimations obtained with the childless sample (even if the estimated parameters ai for

husbands is constrained to be non-negative for consistency reasons).

Given the di¢ culty to provide any direct interpretation of the parameters associated with

wages, since they enter labour supply equations nonlinearly, we compute the marginal e¤ects

of hourly wages on domestic labour supplies for each observation and each realization of the
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Model with full
sample

Model with childless
sample

b Intercept 1.952 1.677
(0.091) (0.205)

b Age 0.085 0.062
(0.005) (0.009)

b Squared Age ÷ 100 0.097 0.071
(0.005) (0.011)

b Number of Children 06 0.128 0.000
(0.007) (____)

b Number of Children 718 0.053 0.000
(0.005) (____)

b Years of Education 0.001 0.009
(0.002) (0.004)

b Region: Midwest 0.454 0.348
(0.015) (0.029)

b Region: South 0.034 0.002
(0.013) (0.020)

b Region: West 0.135 0.113
(0.013) (0.022)

b Black 0.080 0.040
(0.011) (0.023)

b Hispanic 0.123 0.036
(0.014) (0.031)

a Inv. Sq. Root of Hourly Wage 0.034 0.000
(0.063) (____)

c 0.125 0.122
(0.014) (0.008)

b Intercept 0.626 0.473
(0.118) (0.220)

b Age 0.011 0.042
(0.006) (0.010)

b Squared Age  ÷ 100 0.008 0.021
(0.007) (0.011)

b Number of Children 06 0.308 0.000
(0.009) (____)

b Number of Children 718 0.040 0.000
(0.005) (____)

b Years of Education 0.049 0.038
(0.002) (0.004)

b Region: Midwest 0.165 0.032
(0.015) (0.029)

b Region: South 0.301 0.025
(0.016) (0.023)

b Region: West 0.125 0.058
(0.018) (0.022)

b Black 0.005 0.169
(0.013) (0.021)

b Hispanic 0.046 0.105
(0.018) (0.046)

a Inv. Sq. Root of Hourly Wage 0.812 0.594
(0.076) (0.068)

c 0.125 0.122
(0.014) (0.008)

Notes: Standard errors are in parentheses. Working times are in thousands of hours. Socio
demographics are arguments of a quadratic function.

Table 3  Estimated Parameters of Domestic Labor Supply Equations

B. Wives' Domestic Labor Supply

A. Husbands' Domestic Labor Supply

Sq. Root of Partner's Hourly Wage x Inv. Sq.
Root of Hourly Wage

Sq. Root of Partner's Hourly Wage x Inv. Sq.
Root of Hourly Wage
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error terms. The main percentiles of the distribution of these marginal e¤ects are presented in

Table 5.18 For the median household, for example, the marginal e¤ects for men and women

amount to �0:002 and �0:009, respectively. That is, a one-dollar increase in hourly wages
implies that wives�and husbands�domestic labour supplies decrease by about two hours and

to nine hours, respectively. This is in line with the theory. In addition, wives�domestic labour

supply is a little more sensitive to changes in hourly wage than the husbands�one. This can be

explained by referring to the traditional gender division of work and to the evidence of higher

own-wage market labour supply responsiveness of women with respect to men. While men

primarily spend their time in market work and leisure, women share their time among paid

work, leisure and domestic work. Thus, as compared to men, women have closer substitutes for

time spent in market activities and larger substitution e¤ects on both women�s domestic and

market labour supply are expected.

To be complete, we can also examine the role of socio-demographics. For mothers, the time

allocated to domestic chores increases with the number of children and the e¤ect is larger the

younger the child.19 This does not seem to be the case for fathers: the e¤ect of children on men�s

homework is small, and even negative. For the other socio-demographics, the two speci�cations

give similar results. For wives, education has a negative e¤ect on the time devoted to domestic

activities while, for husbands, it is not signi�cant. The black and Hispanic dummies have also

a positive (or non signi�cant) e¤ect on working hours. Finally, age has not a clear e¤ect on

domestic labour supplies.

5.2.2 Total and Market labour Supply Equations

The estimated parameters of the total labour supply equations are presented in Table 4. We

�rst note that an increase in hourly wage has only a very moderate and not signi�cant e¤ect

on total hours of work for wives with the full sample. For husbands, the e¤ect is even negative

and, for consistency reasons, constrained to zero. Total labour time may, however, be indirectly

18We focus on marginal e¤ects here because we have judged that they are less ambiguous than elasticities as

working time may be close to zero.

19Socio-demographics enter labor supply equations nonlinearly, i.e., via a quadratic function. The marginal

e¤ect of a change in the variable has, however, the same sign as the corresponding estimated parameter (at

least at the average point of the sample).
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Model with full
sample

Model with childless
sample

α Intercept 2.644 1.809
(0.274) (0.569)

α Age 0.023 0.010
(0.012) (0.019)

α Squared Age ÷ 100 0.024 0.015
(0.014) (0.022)

α Number of Children <6 0.044 0.000
(0.019) (____)

α Number of Children 718 0.023 0.000
(0.013) (____)

α Years of Education 0.016 0.044
(0.005) (0.009)

α Region: Midwest 0.064 0.083
(0.040) (0.059)

α Region: South 0.123 0.103
(0.038) (0.053)

α Region: West 0.070 0.039
(0.042) (0.063)

α Black 0.004 0.022
(0.028) (0.053)

α Hispanic 0.025 0.066
(0.039) (0.078)

β 0.000 0.000
(____) (____)

γ 0.004 0.006
(0.001) (0.001)

α Intercept 4.283 4.889
(0.816) (1.492)

α Age 0.008 0.021
(0.017) (0.025)

α Squared Age ÷ 100 0.005 0.034
(0.021) (0.029)

α Number of Children <6 0.175 0.000
(0.026) (____)

α Number of Children 718 0.001 0.000
(0.015) (____)

α Years of Education 0.026 0.027
(0.009) (0.014)

α Region: Midwest 0.030 0.039
(0.051) (0.074)

α Region: South 0.009 0.026
(0.049) (0.069)

α Region: West 0.120 0.084
(0.058) (0.090)

α Black 0.051 0.179
(0.056) (0.101)

α Hispanic 0.089 0.119
(0.053) (0.089)

β 0.010 0.000
(0.087) (____)

γ 0.029 0.024
(0.002) (0.003)

Table 4  Estimated Parameters of Total Labor Supply Equations

Notes: Standard errors are in parentheses. Working times and shares of total expenditure
are in thousands of hours.

A. Husbands' Total Labor Supply

Share of Total Net Income

B. Wives' Total Labor Supply

Share of Total Net Income

Square Root of Hourly Wage

Square Root of Hourly Wage
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Percentiles P10 P25 P50 P75 P90

Husbands' Market Labor Supply Own
Marginal Effect

0.003 0.004 0.006 0.008 0.011

Wives' Market Labor Supply Own
Marginal Effect

0.009 0.015 0.024 0.037 0.053

Husbands' Domestic Labor Supply Own
Marginal Effect

0.006 0.004 0.002 0.001 0.001

Wives' Domestic Labor Supply Own
Marginal Effect

0.031 0.017 0.009 0.004 0.001

Husbands' Total Labor Supply Own
Marginal Effect

0.002 0.003 0.003 0.004 0.005

Wives' Total Labor Supply Own Marginal
Effect

0.006 0.008 0.011 0.019 0.029

Percentiles P10 P25 P50 P75 P90

Husbands' Market Labor Supply Own
Marginal Effect

0.004 0.005 0.007 0.010 0.013

Wives' Market Labor Supply Own
Marginal Effect

0.007 0.011 0.018 0.028 0.040

Husbands' Domestic Labor Supply Own
Marginal Effect

0.006 0.004 0.002 0.001 0.001

Wives' Domestic Labor Supply Own
Marginal Effect

0.024 0.014 0.007 0.004 0.002

Husbands' Total Labor Supply Own
Marginal Effect

0.003 0.004 0.005 0.006 0.007

Wives' Total Labor Supply Own Marginal
Effect

0.004 0.005 0.008 0.014 0.021

Table 5  Estimated Percentiles of the Distribution of the Simulated
Marginal Effects of Hourly Wages on Domestic, Market and Total Labor
Supply

Note: Simulations are obtained by drawing the error terms in log hourly wage equations, in domestic
labor supply equations (which enters the profit function) and in market labor supply equations (which
enters the price of wives' leisure).

A. Full sample

B. Childless sample

a¤ected by wages through a change in the individual shares of total expenditure. The e¤ect

of an increase in the share of total expenditure is indeed signi�cant and negative. It is also

larger for women than for men, as in many studies (Blau and Khan, 2007; Heim, 2009). A

one-thousand-dollar increase in the annual share thus implies a decline in women�s total labour

supply by about thirty hours and in men�s total labour supply by about four hours.

To have a better comprehension, the main percentiles of the distribution of the marginal e¤ects

of hourly wages on total labour supplies, incorporating the indirect e¤ect through individual

shares, are provided in Table 5. For the model estimated on the full sample, the medians for

men and women amount, respectively, to 0:003 and 0:011. In other words, a one-dollar increase

in his or her hourly wage implies an increase in total labour supply for men by three hours
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and for women by eleven hours. Marginal e¤ects of the same order of magnitude are obtained

for the restricted sample. Total labour supply (or leisure) is thus rather rigid with respect to

wages.

This rigidity of total labour supply may be of great consequence in terms of welfare analysis

as it implies that leisure time is not a¤ected by wages. On the other hand, the marginal

e¤ects of hourly wages on market labour supplies are larger than the marginal e¤ects on total

labour supplies. For the full sample case, the medians for men and women amount to 0:006 and

0:024, respectively. Therefore, an increase in wage has essentially a substitution e¤ect between

domestic and market labour supply. In addition, women have larger labour supply responses

than men as in many studies (e.g, Blau and Khan, 2007; Heim, 2007, 2009).

Finally, socio-demographic variables are generally not signi�cant. Only the years of education

and the number of young dependent children matter for total labour supply. One additional

child between 0 and 6 implies a reduction in wives�total labour supply by about 175 hours per

year and an increase in husbands�total labour supply by 44 hours. Years of education have a

negative e¤ect on total labour supply.

5.2.3 Sharing Equations

The estimated parameters of the sharing equations are reported in Table 6 (recall that the

parameters corresponds to the husbands�share). Standard errors are relatively small, especially

if compared to those estimated by Fortin and Lacroix (1997) and Donni and Moreau (2007),

for instance. To begin with, we note that the e¤ect of net total expenditure on husbands�share

is positive and signi�cant, i.e., men receive the larger part of any increase in total expenditure

or non-labour income. From a one-thousand-dollar increase in household net total expenditure,

the husbands receive about $884 and the wives about $116. This result is in line with what

is obtained by Blundell et al. (2007), Bloemen (2010), Chiappori et al. (2002), Fernandez-Val

(2003), and Donni (2007), as well as Donni and Matteazzi (2012) who also suppose that net

total expenditure or non-labour income has a linear e¤ect on market labour supply.20

20Most other studies do not provide estimates of the sharing functions or, if they do, give standard errors

that are excessively large. One of the rare exceptions is given by Haddad (2015) who �nds that women, in Iran,

receives the largest part of any increase in non-labor income.
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Model with full
sample

Model with childless
sample

4.507 4.028
(0.502) (0.934)

Wife's Sq. Root Hourly Wage 0.001 0.271
(2.095) (1.095)
0.384 0.303

(0.026) (0.048)
Sex ratio in percentage 0.651 1.908

(0.504) (1.192)

Table 6  Estimated Parameters of Individual Share Equations

Notes: Standard errors are in parentheses. Share equations and household net total
expenditure are in thousands of dollars. Wife's and husband's hourly wage are multiplied
by 2.

Household Net Total Expenditure

Husband's Sq. Root Hourly Wage

The other parameters are less precisely estimated. Interestingly, however, the husband�s share

of total expenditure tends to decrease with his hourly wage. To interpret the sign, let us note

that an increase in one spouse�s hourly wage (when the household pro�t is maintained constant)

may have two opposite e¤ects. First, it may reduce the need of a transfer from his (or her)

partner in her (or his) favour. Second, it may improve her (or his) bargaining power within

the household decision process. Our results thus suggest that, in the case of an increase in the

husbands�hourly wage, the �rst e¤ect dominates the second one. To complete our discussion,

let us note that the husbands�share is not signi�cantly a¤ected by an increase in the wives�

hourly wage. Since the wives�participation rate and their working hours are lower, the �rst

e¤ect is likely to be smaller, so that the two aforementioned e¤ects simply o¤set each other.

Interestingly, the same conclusions are obtained by Clark, Couprie and Sofer (2004) for the

United Kingdom. Still Fernandez-Val (2003) and Blundell et al. (2007) for Spain and the United

Kingdom, respectively, show that the husband�s share increases with the husband�s wage, while

Chiappori, Fortin and Lacroix (2002), for the United States, do not discern any signi�cant

e¤ect.

In the household production context, however, the total income of the household also includes

the pro�t generated by production activities. Thus, an increase in one spouse�s hourly wage has

a third e¤ect which is negative due to the reduction of the household pro�t. To take into account

this third e¤ect which is highly nonlinear, the main percentiles of the marginal e¤ect of spouses�

wage on individual shares are computed and presented in Table 7. For both speci�cations, the

e¤ects on husbands�share are large in absolute value, and negative. For the median household
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Percentiles P10 P25 P50 P75 P90

Marginal Effect of Husbands' Hourly Wage on
Husbands' Share

1.369 1.074 0.837 0.666 0.548

Marginal Effect of Wives' Hourly Wage on
Husbands' Share

1.024 0.683 0.430 0.297 0.224

Marginal Effect of Husbands' Hourly Wage on
Wives' Share

0.059 0.292 0.457 0.630 0.881

Marginal Effect of Wives' Hourly Wage on
Wives' Share

0.804 0.464 0.207 0.102 0.056

Percentiles P10 P25 P50 P75 P90

Marginal Effect of Husbands' Hourly Wage on
Husbands' Share

1.204 0.963 0.765 0.618 0.514

Marginal Effect of Wives' Hourly Wage on
Husbands' Share

0.764 0.469 0.235 0.129 0.086

Marginal Effect of Husbands' Hourly Wage on
Wives' Share

0.112 0.292 0.432 0.576 0.745

Marginal Effect of Wives' Hourly Wage on
Wives' Share

0.865 0.568 0.335 0.221 0.160

Notes: Standard errors are in parentheses. Share equations are in thousands of dollars. Simulations
are obained by drawing the error terms in log hourly wage equations and in domestic labor supply
equations (which enters the profit function).

A. Full sample

Table 7  Estimated Percentiles of the Distribution of the Simulated
Marginal Effects of Hourly Wages on Individual Shares

B. Childless sample

in the full sample, for instance, a one-dollar increase in the husband�s and wife�s hourly wage

implies a reduction in his share by $837 and $430, respectively, while a one-dollar increase in

the husband�s hourly wage implies an augmentation in the wife�s share by $457.

One last comment is in order. Even if the e¤ect of the sex ratio is not statistically signi�cant,

its sign �ts with the intuition. For the full sample, a one-percentage-point increase in the sex

ratio (i.e., an increase in the number of men compared to the number of women) will induce

husbands to transfer an additional $650 of income to their spouse and, for the restricted sample,

an additional $1; 910, the same order of magnitude as what is obtained by Chiappori, Fortin

and Lacroix (2002) in their estimations with the PSID.

5.2.4 Testable restrictions

It must be clear that the collective model developed in the previous pages also generates testable

restrictions (as pointed out in the discussion of Proposition 1). Basically, the observed labour

supply equations have to be such that they can be written under the separable form (5)-(10).
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Implementing empirical tests using our speci�cation may, however, be problematic. If w1=21
and w

1=2
2 are directly incorporated into the wife�s and the husband�s market labour supply

equations, respectively, to relax their functional structure, the model is no longer identi�able.

On the other hand, negativity restrictions have to be imposed, instead of being tested, to

guarantee the uniqueness of the price of wife�s time. Nevertheless, a simple restriction to test is

that the distribution factor (i.e., the sex ratio) must not have a direct e¤ect on labour supply

(in addition to the intra-household distribution e¤ect). This test has been carried out and the

corresponding Likelihood Ratio statistics amount to 18:09 for the complete sample (and 15:85

for the restricted sample) with three degrees of freedom. The null hypothesis is thus clearly

rejected. Interestingly, however, only the parameters in domestic labour supply equations are

signi�cantly di¤erent from zero: for both samples, in addition to the intra-household e¤ect,

an increase in the sex ratio has a positive e¤ect on domestic labour supply but no e¤ect on

market labour supply. A simple explanation is that the sex ratio is not a traditional distribution

P10 P25 P50 P75 P90

Simulated women's hourly market
wage (working women)

8.079 11.830 18.251 28.075 41.536

Simulated men's hourly market wage
(working women)

11.604 16.437 24.171 35.738 50.546

Simulated women's hourly market
wage (nonworking women)

5.145 7.556 11.161 15.880 21.902

Simulated men's hourly market wage
(nonworking women)

10.471 15.288 22.860 34.070 49.922

Model with full sample (nonworking
women)

11.459 16.863 24.781 33.413 40.535

Model with childless sample (non
working women)

11.537 16.774 24.649 33.883 41.861

Table 8  Estimated Percentiles of the Distribution of the Simulated Prices
of Leisure and Simulated Hourly Wages

Hourly market wages

Wife's Hourly Prices of Leisure

Note: Simulations are obtained by drawing the error terms in log hourly wage equations, in domestic
labor supply equations (which enters the profit function) and in market labor supply equations (which
enters the price of wives' leisure).

factor in the sense that it a¤ects the household technology. Yet the mechanism through which

it might happen seems rather obscure. Another, more realistic possibility is that the price of

the domestic good is endogenous, suggesting that either the marketability assumption or the
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privateness assumption (see subsection 2.4) are violated.21 To address this problem, however,

it is necessary to develop a more general model, which is beyond the scope of the present paper.

We will just invite the reader to be cautious when interpreting the empirical results.

5.2.5 Price of Leisure

Finally, the present framework can be used to evaluate the price of leisure. For each realization

of the error terms, the price of leisure for the wives who do not work in the market is computed.

The main percentiles of this distribution as well as, for the sake of comparison, simulated hourly

market wages are presented in Table 8. We observe that the price of wives�leisure has a large

dispersion, ranging from $11 to $42. For both samples, the median of the price of wives�leisure

amounts to about $25, which is a reasonable value. By comparison, the median of the simulated

hourly wage of non-working women is about $11.

6 Conclusion

In this paper, we generalise the collective model of household labour supply with domestic

production to allow for the possibility of non-participation in the labour market. We show

that the sharing of the full non-labour income (non-labour income plus the pro�t generated

by production activities) can be identi�ed up to a pair of constants. The household technology

and the price of leisure, when individuals do not work in the market, can also be identi�ed.

This generalization is important for several reasons. It is admitted that omitting household

production may lead to biased welfare comparisons (Apps and Rees, 1997; Donni, 2008). To

obtain precise parameter estimates, however, it is necessary to consider large samples including

spouses who do not participate in the labour market. More fundamentally, the structural

components such as the price of spouses�leisure or their individual shares are likely related to

spouses�employment status.

Our theoretical results are applied to the 2009 PSID data. We estimate by simulated maximum

likelihood a system of structural market and domestic labour supply equations that accounts

21The fact that the sign of the e¤ect of the sex ratio is the same in both domestic labor supply equations

suggests that the price of the domestic good changes in the same direction for both spouses. We are thus

inclined to believe that the critical point concerns the marketability of the domestic good.
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for the wives�possible non-participation in the labour market �the husbands being supposed

to always participate in the labour market. Some empirical results are worth mentioning in

this conclusion. Firstly, we show that total labour supplies (and thus leisure) are both very

rigid, compared with domestic and market labour supplies which are slightly more �exible.

As previously explained, this empirical observation may have implications in terms of welfare

analysis. Secondly, we show that husbands receive the larger part of any increase in net total

expenditure or non-labour income. Quite interestingly, such conclusion is con�rmed by the

large majority of empirical studies and can be seen as one of the most robust results in this

literature. Thirdly, we show that the price of wives�leisure is comprised between $11 and $42

(if we ignore the tails of the distribution). On average, the price of non-working wives�leisure

is rather large. It stochastically dominates the hourly wages of non-working wives (but also of

working wives).

Finally, our empirical results also suggest that the price of the domestic good is likely not

exogenous. The prime suspect here is the marketability assumption which is probably too

restrictive. Estimating a collective model of domestic production without the marketability

assumption is left for future research.

Appendix

Proof of Proposition 2

Thanks to Assumption I.1, the domestic labour supply functions (g1; g2) can be observed on R2+
as a function of (w1; w2). (a) Suppose that the wife does not work in the market; her domestic

labour supply is t�1 = g1(w
�
1; w2), where w

�
1 is endogenously determined. Since @g1=@w1 < 0,

g1 can be inverted, giving: w�1 = g�11 (t
�
1(w1; w2; y); w2) = w�1(w1; w2; y): Hence, the price of the

wife�s time is identi�ed. (b) Suppose the husband does not work. The procedure to identify the

price of his time is exactly the same. (c) Suppose that both spouses do not work in the market so

that domestic labour supply functions are given by t�1 = g1(w
�
1; w

�
2) and t

�
2 = g2(w

�
1; w

�
2). Because

of the properties of factor demand functions, the Jacobian matrix r(g1; g2) is nonsingular.
Hence, inverting domestic labour supply functions gives the price of both spouses�time. (d)

If the domestic labour supply functions satisfy the symmetry restriction, @g1=@w2 = @g2=@w1,
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the pro�t function can be retrieved by integrating the system of two equations, @�=@w1 = �t�1
and @�=@w2 = �t�2 derived from Hotelling Lemma. Identi�cation is obtained up to a constant.
�

Proof of Proposition 3

Thanks to assumption I.2, the set R2+ � R on which the (market and domestic) labour supply
functions are de�ned can be partitioned into four connected subsets fA;B; C;Dg such that the
husband and the wife work in the market if (w1; w2; y) 2 A, the husband, but not the wife,
works in the market if (w1; w2; y) 2 B, the wife, but not the husband, works in the market if
(w1; w2; y) 2 C, neither the husband nor the wife works in the market if (w1; w2; y) 2 D. The
proof then follows in four steps.

Step 1. We consider the identi�cation of the sharing functions in set A. In his original pa-
per, Chiappori (1997) has shown that the sharing functions can be recovered and Donni and

Matteazzi (2012) have generalised this result to the case where there is no distribution factors.

This is the result we present here. For any (w1; w2; y) such that (@h�1=@y) � (@h�2=@y) 6= 0, we
introduce the following de�nitions:

A(w1; w2; y) =

�
@h�1
@w2

+
@t�1
@w2

��
@h�1
@y

��1
and

B(w1; w2; y) =

�
@h�2
@w1

+
@t�2
@w1

��
@h�2
@y

��1
:

The �rst result is that the sharing functions can be identi�ed, if regularity conditions are

satis�ed, when both spouses are in the labour force.

Lemma A-1. Let us assume that (@h�1=@y) � (@h�2=@y) 6= 0 and ABy � Bw2 6= BAy � Aw1

almost everywhere. Then individual shares of total non-labour income are identi�ed (up to two

speci�c constants) on A.

Proof. See Donni and Matteazzi (2012). �

Step 2. The following lemma then states that, under regularity conditions, the sharing functions

are uniquely de�ned on B.
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Lemma A-2. Let us assume I.1�I.3; let us also assume that (@L�1=@y) � (@w�2=@y) 6= 0 almost
everywhere and

@L�1=@w2
@L�1=@y

6= @w�2=@w2
@w�2=@y

:

Then the individual shares are identi�ed (up to two speci�c constants) on B .

Proof. (a) For any (w1; w2; y) 2 B, the total labour supply function of the husband can be
written as: L�1(w1; w2; y) = F1(w1; '1(w1; w2; y)). From its implicit de�nition, i.e., g2(w1; w

�
2) =

F2(w
�
2; '2), the price of leisure can be written as: w

�
2(w1; w2; y) = m2(w1; '2(w1; w2; y)), for some

function m2(�), where the left-hand side function is known from Proposition 2. Di¤erentiating

these expressions with respect to w2 and y gives:

A(w1; w2; y) =
@L�1=@w2
@L�1=@y

=
@'1=@w2
@'1=@y

, B(w1; w2; y) =
@w�2=@w2
@w�2=@y

=
@'2=@w2
@'2=@y

(15)

where the left-hand side functions are known. Together with �1(w1; w2; y) + �2(w1; w2; y) =

y + �(w1; w2; y), the system of two equations (15) has two unknowns. Solving it gives:

@'1
@w2

= �(w1; w2; y),
@'1
@y

= �(w1; w2; y) (16)

where

�(w1; w2; y) = �A
B + t�2 (@w

�
2=@w2)

(A�B)
, �(w1; w2; y) = �

B + t�2 (@w
�
2=@w2)

(A�B)
:

Provided that a cross-derivative restriction (i.e., @�=@y = @�=@w2) is satis�ed, these two partial

di¤erential equations de�ne the husband�s sharing function up to a function k1 of w1, i.e., for

any sharing function '�1(w1; w2; y) consistent with the system (16), then the sharing function

'1(w1; w2; y) de�ned as

'1(w1; w2; y) = '�1(w1; w2; y) + k1(w1),

is also consistent with this system. Similarly, the sharing function of the wife can be identi�ed

up to a function k2 of w1 (because the sum of sharing functions is equal to total non-labour

income, the latter being identi�ed up to a constant, k1(w1) + k2(w1) = � � a constant). In

addition, the condition @�=@y = @�=@w2 is a testable restriction.

(b) To recover the function k1(w1), let us recall that the sharing functions are continuous along

the participation frontier. From Lemma 1, the sharing function '1(w1; w2; y) is identi�ed up to
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a constant �1 on A and, by continuity, is also identi�ed along the participation frontier de�ned
by w2 = 2(w1; y). Thus,

'1(w1; 2(w1; y); y) = a�1(w1; y) + �1;

where a�1(w1; y) is a known function. Similarly, the sharing function along the frontier obtained

from (16) can be written as:

'1(w1; 2(w1; y); y) = b�1(w1; y) + k1(w1).

where b�1(w1; y) is a known function. Because of continuity, we thus have

k1(w1) = a�1(w1; y)� b�1(w1; y) + �1:

The functions a�1(w1; y) and b
�
1(w1; y) are de�ned for any (w1; y) such that there exists some

w2 = wR2 (w1; y) and, therefore as a consequence of Assumption I.2, are de�ned for any w1 2 R+
and some y. Hence the function k1(w1) is identi�ed up to a constant �1 for any w1 2 R+. In
addition, the fact that a�1(w1; y)� b�1(w1; y) is independent of y is a testable restriction. �

Step 3. The next lemma is analogous to the preceding one. It states that, under regularity

conditions, the sharing functions are de�ned on C.

Lemma A-3. Let us assume B-3; let us also assume that (@L�2=@y) � (@w�1=@y) 6= 0 almost

everywhere and

@L�2=@w1
@L�2=@y

6= @w�1=@w1
@w�1=@y

:

Then the individual shares are identi�ed (up to two speci�c constants) on C.

Proof. The proof is symmetric to the preceding one. �

The preceding lemmas involve that the sharing functions are globally identi�ed on A [ B [ C
but not on D. Our conjecture is that sharing functions can still be identi�ed on D at least

in the neighbourhood of the participation frontiers. Indeed, the identi�cation of the price of

spouses�leisure provides a new partial di¤erential equation in '1 over D. The argument is then
similar to that used in Donni (2003) but necessitates a more general result of partial di¤erential

equation theory, namely, the Theorem of Cauchy-Kovalevsky (Zachmanoglou and Thoe, 1976),

because the partial di¤erential equation is not of the �rst order.
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